The current trend in postoperative nutrition is to promote a normal oral diet as early as possible. However, postoperative ileus is a frequent and common problem after major abdominal surgery. This study was designed to investigate whether early enteral nutrition (EEN), as a bridge to a normal diet, can reduce postoperative ileus. Methods: Patients undergoing major rectal surgery for locally advanced primary or recurrent rectal carcinoma (after neoadjuvant (chemo)-radiation, with or without intraoperative radiotherapy) were randomly assigned to EEN (n = 61) or early parenteral nutrition (EPN, n = 62) in addition to an oral diet. Early nutrition was started 8 hours after surgery. Early parenteral nutrition was given as control nutrition to obtain caloric equivalence and minimize confounding. The primary endpoint was time to first defecation; secondary outcomes were morbidity, other ileus symptoms, and length of hospital stay. Results: Baseline characteristics were similar for both groups. In intentionto-treat analysis, the time to first defecation was significantly shorter in the enteral nutrition arm than in the control arm (P = 0.04). Moreover, anastomotic leakage occurred significantly less frequently in the enteral group (1 patient) compared with parenteral supplementation (9 patients, P = 0.009). Mean length of stay in the enteral group was 13.4 ± 2.2 days versus 16.7 ± 2.3 days in the parenteral group (P = 0.007). Conclusions: Early enteral nutrition is safe and associated with significantly less ileus. Early enteral nutrition is associated with less anastomotic leakage in patients undergoing extensive rectal surgery.
of oral nutrition is commonly delayed after major colorectal surgery because of a number of factors, including postoperative nausea and vomiting. 2 Postoperative ileus (POI) is a common complication after abdominal surgery and is accompanied by increased patient morbidity, increased use of parenteral nutrition, prolonged hospitalization, and increased costs. 3, 4 Manipulation of the intestines leading to a local inflammatory response is thought to be causative for the development of POI. 5 More extensive surgery is, therefore, often associated with a higher risk of POI or delayed gastric emptying. In our referral center for locally advanced rectal cancer, extensive resections are performed. A retrospective study within our institution showed a high incidence of POI; the omentoplasty performed during rectal surgery was associated with delayed gastric emptying and delay of oral intake. 3 A considerable proportion of these patients is offered total parenteral nutrition to reach nutritional goals because oral nutrition often fails during the first week. 3 We postulated that early (postpyloric) enteral nutrition might be beneficial after major rectal surgery in reducing POI. Beneficial effects of early nutrition per enteral route could be bypassing impaired gastric function, stimulating intestinal function, restoring bowel movement, and improving postoperative outcome.
METHODS
Between January 2009 and October 2011, 123 patients undergoing surgical resection of primary or recurrent rectal carcinoma were randomly assigned to either a supplemental postoperative early enteral nutrition (EEN) or a control feeding, of early parenteral nutrition (EPN). Both groups were stimulated to progress to an oral nutrition.
intraperitoneal chemotherapy treatment, the presence of esophageal varices, or known history of gastric or esophageal bleeding.
Total mesorectal excision, according to the procedure described by Heald and colleagues, 6 was carried out routinely during the study interval, with the exception of locally advanced disease invading the mesorectal fascia. A protective loop colostomy was constructed in most patients undergoing low anterior resection with anastomosis ( Table 1 ). The majority (70%) received an omentoplasty to fill the pelvic cavity and/or protect the anastomosis (Table 1) . Intraoperative radiotherapy was applied to the area most at risk of tumor invasion after histological frozen section assessment. Standard anesthesia and analgesia were provided for both groups.
Trial Interventions
Postoperatively, all patients were allowed to drink and eat as soon as possible, according to standard care protocols. The standard care protocol included drinking water the day of surgery and all liquids the day after surgery to progress to normal diet on the basis of tolerance.
Patients randomized to the EEN group were given a selfmigrating nasojejunal tube (Flocare Bengmark, Nutricia, Advanced Medical Nutrition, Zoetermeer, The Netherlands) and enteral nutrition (Nutrison Protein Plus Multi Fibre, Nutricia, Advanced Medical Nutrition, Zoetermeer, The Netherlands). Preoperatively, the nasojejunal tube was inserted by the nurse on the ward; only in case of placement problems was the tube placed during the surgical procedure. Its postpyloric position was confirmed by the surgeon during the operation or by postoperative abdominal x-ray.
Patients randomized to the EPN group received a central venous catheter in the jugular vein after the induction of anesthesia as part of the standard procedure and received parenteral nutrition (Kabiven Central enriched with Dipeptiven to ensure a better-quality supply of amino acids; Fresenius Kabi Nederland BV, 's Hertogenbosch, The Netherlands). The feeding protocol for both routes of artificial nutrition was as follows: on the day of surgery (day 0), 8 hours after ending the surgical procedure, nutrition was started at 500 mL/24 hours. The next day (day 1 postoperative), at 8 o'clock in the morning, the continuous infusion was increased to 1 L/24 hours; on day 2, the infusion was increased to 2 L/24 hours. Artificial supplemental nutrition was provided for the first 5 postoperative days with the exception of a more rapid return to normal oral diet within 3 days, supplemental nutrition would be reduced to 1 L. Medical reasons, adverse events, or patient's wishes could cause deviation to the protocol and were recorded.
Gastrointestinal Function
Daily registrations of intake, nausea, vomiting, and the presence of a nasogastric tube or reinsertion within 5 days, gastric retention, and defecation were recorded for the first 5 days postoperatively.
To include more symptoms of POI than only the return of defecation, we designed another more extensive definition of ileus. Postoperative ileus was defined as early, late, and prolonged. Patients had an early ileus if 1 or more of the following symptoms occurred: nausea or vomiting for more than 1 episode in the first 5 days, reinsertion of the nasogastric tube in the first 5 days, presence of the nasogastric tube for more than 4 days, no return to normal diet after 5 days, or first-time normal defecation after 7 days. Prolonged ileus was defined as an early ileus lasting more than 5 days. Late ileus was defined as nausea or vomiting after the first 5 days, influencing normal intake and defecation, or reinsertion of the nasogastric tube.
Complications
We described the most common surgical complications after rectal surgery, such as wound infection, intra-abdominal or pelvic abscesses, anastomotic leaks, urinary tract infection, pneumonia, bacteremia and central catheter infection, and the number of reoperations or postoperative percutaneous intervention(s).
An intra-abdominal or pelvic abscess was defined as an abscess diagnosed by ultrasound or CT scan, requiring operative or percutaneous drainage with the presence of pus.
Anastomotic leakage was defined as clinical suspicion of leakage of anastomosis, confirmed by CT scan showing free abdominal air and fluids in close proximity to the anastomosis or a visually dehiscent anastomosis at the time of reoperation. The number of leaks was also added to the number of abscesses to avoid debate in interpretation.
A central catheter infection was defined as a positive culture of a central catheter combined with a positive blood culture.
All surgical complications were recorded and ranked according to Clavien and colleagues. 7
Randomization
Patients were randomly assigned to 1 of both study groups by an independent, computer-generated, online external randomization program (ALEA, NKI/AvL, The Netherlands Cancer Institute, Biometrics Department, Amsterdam, The Netherlands). To obtain similar groups, stratification was implemented for age, sex, and neoadjuvant radiotherapy scheme (long/short).
Power Analysis
For means of power calculation, superiority of the primary endpoint (time to first defecation) was assumed for the treatment arm (enteral nutrition). Before the study was initiated, retrospective data showed an average of 6.6 ± 2.7 days until the first day of defecation (n = 19, unpublished results from our hospital). We aimed to reduce the number of days until first defecation to 3 days postoperatively, using the combined oral and enteral stimulation of the gastrointestinal tract.
With a confidence interval of 95% (P < 0.05) and a power greater than 0.8, the sample size should be 30 patients per group. At the planned interim analysis, baseline was not similar with respect to blood loss and operation duration, although enteral nutrition showed an effect on both ileus and anastomotic leakage. This led to the conclusion regarding extent of patient inclusion for the second hypothesis that enteral nutrition reduces anastomotic leakage, powered by reaching sample sizes of approximately 60 patients per group.
Statistical Analysis
Variables were reflected as means and/or medians with standard error of mean or interquartile range. Continuous variables were compared using a t test when normally distributed, or otherwise using the Mann-Whitney U test. The χ 2 test was used for comparison of categorical variables and 2-way ANOVA for repeated measures was performed for comparisons between the groups in time. Kruskal-Wallis test was used for nonparametric data when appropriate. All data were analyzed using SPSS version 17.0 (SPSS, Inc., Chicago, IL). P < 0.05 were considered significant.
RESULTS

Patient Accrual
A total of 123 patients were recruited (see the flow chart in Fig. 1 ). Sixty-one patients were randomized to the enteral nutrition group and 62 to the parenteral nutrition group. Five patients withdrew from the enteral group preoperatively because of the experienced discomfort of the feeding tube. In 2 patients from the enteral group, rectal resection was not performed because of the perioperative finding of intraperitoneal metastases. All analyses were performed according to the intention-to-treat principle. Baseline characteristics and treatment characteristics (type of surgery, staging, and stoma formation) of the patients were well matched between the 2 study groups ( Table 1) .
Nutrition
Protocol deviations are described in detail (in the flow chart and in Table 2 ), and it should be stressed that there are more problems with administering enteral nutrition by nasojejunal tube than parenteral nutrition by central vein. The total number of deviations was 34 in the enteral group versus 13 in the parenteral group. It is important to illustrate that in the enteral group, 17 patients did not receive enteral nutrition 8 hours after surgery for the following reasons: 5 patients withdrew from the study, 2 were excluded because they did not undergo the rectal resection, 3 did not receive the tube for tube feeding, and 7 patients were hemodynamically unstable and tube feeding was started later.
The prospectively gathered information on oral intake did not reveal significant differences between the groups (see Fig. 2 ). The amount of calories of artificial nutritional intake per day during the first 5 days was not significantly different, and the total amount of calories in the first 5 days was lower in the enteral group than in the parenteral group (EEN 5187.5 ± 387.8 calories/5 days vs EPN 6814.1 ± 283.9 calories/5 days, P < 0.005).
Gastrointestinal Function
Except for 3 patients, all patients received a stoma for defecation (see Table 1 ). Most patients received a protective stoma due to a very low anastomosis in combination with extensive surgery and neoadjuvant chemoradiotherapy or perioperative irradiation/ re-irradiation in recurrent disease. Two of the patients who did not get a stoma were allocated in the parenteral group; unfortunately, they both had a POI and an anastomotic leakage, necessitating reoperation and a stoma. Hospital stay of these 2 patients was 15 days and Patients were excluded for a number of reasons, including emergency rectal operations, simultaneous liver resection, pulmonary resection or hyperthermic intraperitoneal chemotherapy treatment, the presence of esophageal varices, or known history of gastric or esophageal bleeding. Enteral nutrition was not started in 5 patients who withdrew from the study after allocation in the enteral group. In 2 patients from the enteral group, rectal resection was not performed because of the perioperative finding of intraperitoneal metastases a normal diet was expected to be resumed.
29 days due to a deep wound infection, and discharge was without readmittance.
One patient (male, 39 years) not receiving a stoma was allocated in the enteral group. He had a reoperation for ischemia of the afferent loop of the anastomosis, the descendent colon was resected, and a stoma was given. Postoperatively, he stayed at the intensive care unit (ICU) for 2 days and developed a POI. Parenteral nutrition was administered for 7 days while in the enteral group and but left the hospital in a good condition in 17 days. He did not need a readmittance.
A shorter time to first defecation was seen in the enteral group compared with the parenteral group during the first 5 days (P = 0.04). In the enteral group, 54% (33/61) developed a POI versus 68% (42/62) in the parenteral group (P = 0.12). Early ileus occurred in 10 patients in the enteral group versus 22 in the parenteral group (P = 0.02). No differences were seen for late and prolonged ileus.
Infectious Complications
After enteral intervention, only 1 patient had an anastomotic leakage versus 9 patients in the parenteral group (P < 0.009); all underwent surgical repair (Table 3) . Furthermore, all patients with anastomotic leakage also had an intra-abdominal or pelvic abscess, of which some could be managed by percutaneous drainage. Other infectious complications were not significantly different (Table 4) .
At baseline, plasma CRP levels were not different between both groups but were higher in the enteral group on day 1 (P = 0.04). On day 5, both groups showed a similar CRP, with a more distinctive decrease in the enteral group. 
Surgical Complications
Surgical complications were classified according to Clavien and colleagues. 7 In the enteral group, 14 patients underwent a total of 27 reoperations versus 16 patients in the parenteral group undergoing 30 reoperations (P = 0.71). In the enteral group, more primary procedures were temporarily ceased to obtain hemostasis by pelvic packing (n = 7) versus 1 in the parenteral group. These patients received planned reoperations within the next day(s), sometimes to complete a resection and perform the anastomosis as well. These reoperations increased the number of reoperations in the enteral group. In the parenteral group, more reoperations for acute septic exploration were performed (see Table 3 ).
No significant differences were found when using the classification of surgical complications described by Clavien and colleagues. 7
Length of Intensive Care Stay, Hospital Stay, and Readmittance
The length of stay (LOS) in the ICU was not different among the groups (EEN 2.4 ± 0.8 days vs EPN 3.3 ± 1.5 days, P = 0.26).
The mean LOS in our hospital was 13.5 ± 2.2 days for the enteral group versus 16.7 ± 2.3 days for the parenteral group (P = 0.007). In both groups, patients were transferred to their referring hospitals when possible (EEN 33% vs EPN 24%, P = 0.29).
Total LOS, LOS in our hospital and LOS in the referring hospital, was not significantly different among the groups (EEN 17.4 ± 2.4 days vs EPN 22.4 ± 3.4 days, P = 0.15).
No difference was seen for rehospitalization between both groups (EEN, n = 14 vs EPN, n = 13; P = 0.87).
DISCUSSION
In this randomized controlled clinical trial, the time to first defecation was shorter after EEN after rectal surgery for malignancy. Importantly, EEN was associated with a lower occurrence of anastomotic leakage and reduced length of hospital stay. Both feeding routes had specific problems: Enteral nutrition was associated with frequent dislodgement of nasojejunal tubes and infectious complications were significantly higher in the parenteral group. It should be mentioned that oral intake the first 5 days was comparable between the groups. The enteral group received less calories of artificial nutrition than the parenteral group, probably associated with the frequent protocol deviations encountered in the enteral group. It is unknown whether the observed effects can be attributed to the caloric intake. In addition, EEN was safe and previously reported detrimental complications, such as ischemia of the small bowel or aspiration pneumonia, were not observed. 8, 9 The beneficial effects of enteral nutrition on POI and anastomotic leakage in this study were remarkable and new. The effects may be explained by an effect on local inflammation. Postoperative ileus is triggered by manipulation of the intestines during surgery. 5 In this study, CRP was higher immediately after the operation and recovered better after enteral nutrition in comparison to the control group. Background mechanisms are thought to include the fact that manipulation of the intestine initiates an inflammatory cascade starting with activation and degranulation of mast cells and activation of macrophages leading to invasion of neutrophils. Invaded neutrophils directly impair intestinal smooth muscle cell contractility by means of release of nitric oxide and prostaglandins. 5, 10 The formation of an inflammatory infiltrate not only impairs motility in the manipulated areas but also leads to generalized hypomotility of the gastrointestinal tract via activation of inhibitory adrenergic neural pathways. Inhibition of the inflammatory response has been shown to be important for reducing POI. 11 Enteral nutrition may also reduce the inflammatory response and thereby reduce POI. 10, 12 Early dampening of this local inflammation via postpyloric nutrition may explain the results found. With regard to anastomotic leakage, the local inflammatory response is also important. Tumor necrosis factor alpha has been known to modulate the epithelial barrier in the intestine and may also act as an inhibitory factor in the wound healing process of intestinal anastomosis, leading to increased anastomotic leakage. 13 Besides the inflammatory response, matrix metalloproteinases (MMP) such as MMP-9 are also important in anastomotic healing and POI. 14 This hypothesis on background mechanisms was not investigated in this study.
The study is limited in several ways. There were no previous studies to rely on for the sample size calculation. Retrospectively, the days to first defecation were extracted from patient records. Because this might not be fully accurate, an interim analysis was planned at n = 60. This analysis revealed more blood loss, a longer duration of operation, and less anastomotic leakage in the enteral nutrition group. To rule out random effects and the clinical relevance of the possible beneficial effect of enteral nutrition was the stimulus to recalculate the sample size to reach power on anastomotic leakage as a secondary endpoint.
Another point of emphasis is that our patient population underwent extensive rectal surgery and at least half of the patients required extramesorectal excision and/or resection of adjacent organs, implicating severe surgical trauma with concomitant blood loss and fluid resuscitation. Therefore, the results of this study might not be comparable with other studies investigating EEN in patients who underwent less extensive, colorectal surgery. Patients in this study almost all received a protective stoma or a permanent stoma, because of the neoadjuvant treatment, intraoperative radiotherapy, and/or low coloanal anastomosis. Advantage for our study design was that time to defecation could be exactly monitored as a surrogate endpoint for 0.71 ). In the enteral group, more primary procedures were temporarily ceased to obtain hemostasis by pelvic packing (n = 7) versus 1 in the parenteral group. Some patients underwent several reoperations for the same indication.
POI. The benefits of EEN in patients undergoing major gastrointestinal surgery might be suggested to be extrapolated to patients without a stoma; of course, new studies are necessary to test this hypothesis. Patients in fast-track programs are not comparable with the patients in this population.
Although we did not find differences in baseline characteristics (n = 123), the enteral group might have been more surgically challenged than the parenteral group. Of note, the enteral group did better on several points mentioned. Regarding nonsignificant differences patients in the enteral group were more often operated for recurrent disease and received more often intraoperative irradiation.
Patients of the enteral group had slightly more estimated blood loss (1498 mL vs parenteral 1200 mL, P = 0.15, n = 123) and 7 patients in the enteral group needed 1 or more hemostasis-related reoperations in comparison to only 1 patient in the parenteral group. CRP on day 1 was higher in the enteral group in comparison with the parenteral group, suggesting more surgical trauma (data not shown). The planned reoperations for hemostasis were included in the analysis of the Clavien-Dindo classification of surgical complications, which could explain why we did not see any differences. There is a difference in patients undergoing planned reoperations for hemostasis in the enteral group, compared to acute reoperations for anastomotic leakage in the parenteral group; however, the Clavien-Dino classification does not distinguish these differences.
Another possible limitation is that we choose to compare the enteral route to parenteral route, to ensure caloric equivalence between the groups, and the enteral route of feeding was vulnerable for protocol deviations. Dislocations or accidental removal of the feeding tube occurred frequently (n = 11) and placement problems were found in 6 patients. Moreover, to avoid ischemia of the small bowel, enteral nutrition was not started early in hemodynamically unstable patients. Altogether, this resulted in less of the total amount of provided enteral nutrition in the enteral group compared with parenteral nutrition in the parenteral group. The question of whether we underfed the enteral group therefore arises. The issue remains whether possible "underfeeding" in this case is harmful or beneficial. Our results are in accordance to other results of feeding in the ICU: patients receiving lower amounts of feeding recovered better than patients receiving the highest permitted amount of calories. 15 It seems that the amount of calories is not as important as the route and timing of artificial nutrition.
The study design of comparing EEN versus only standard nutrition instead of parenteral nutrition was part of the discussion in the design phase of this study and was not chosen in our population because of the known failures to progress to normal diet and the key indicator "malnutrition" in The Netherlands obliging achieving caloric goals in the first 5 postoperative days in high-risk populations.
The opposing opinion might be that the energy and protein goals as set by nutritional societies should be seen in perspective, especially when parenteral feeds are used early to obtain caloric aims in the early postoperative phase. The role of early parenteral supplements in patients in whom caloric targets cannot be met by the oral or enteral route is a matter of dispute. Several meta-analyses were in favor of parenteral nutrition in certain patient populations. For example, Simpson and Doig 16 showed a reduced mortality rate after parenteral nutrition in an intensive care population. Malnourished patients with a standard care, oral diet have a higher risk of mortality than patients receiving parenteral nutrition. 17 Further studies comparing enteral versus parenteral feeding were in favor of enteral nutrition, describing less infectious complications and shorter hospital lengths of stay. 17 Recently, a large multicenter study concluded that the use of early or late parenteral nutrition might provide calories and proteins better than enteral nutrition. 18 However, their ICU patients in the parenteral groups had a worse clinical outcome with regard to mortality and ICU discharge. 18 In ICU patients, the late initiation of parenteral nutrition as a supplement to insufficient enteral nutrition was associated with a better clinical outcome as compared with EPN. 19 It could also be concluded from our results that early parenteral supplements were not a safe control or even the question if we did disadvantage the control group by giving EPN.
Patients in our enteral group received significantly less supplemental nutrition but did better in terms of anastomotic leakage, less early ileus, sooner first defecation, and a shorter LOS in our hospital. Oral intake in both groups was well matched and did not void the clinical results between the enteral and parenteral groups, suggesting a key role for enteral nutrition.
In this study, EEN, combined with a normal diet, was superior to supplemental parenteral nutrition and therefore we propose to use EEN. We would suggest a preoperative plan for postpyloric enteral feeding in patients at high risk of POI.
